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Letter reversal assessments: A systematic review of measurement properties, administration
guidelines and reversal content

By Lucinda Venter
Supervisor: Dr Janet Richmond

Abstract
Background: With several assessments available that purport to measure the letter reversal
rates of young school-aged children, the question was raised how reliable and comparable
these assessments are and to what extent each assessment addresses the concept of letter
reversals? A systematic review of these assessments was performed to evaluate the
measurement properties and administration guidelines, and to compare the reversal content of
these assessments.
Method: Relevant assessments and studies were identified through literature searches.
For each of the assessments the measurement properties, quality of the studies that report the
measurement properties, and administration guidelines were evaluated, and the content of the
assessments were compared.
Results: Insufficient evidence existed for the measurement properties of all three assessments.
None of the current assessments clearly explain to what extent they address the concept of
letter reversal. Due to the differences in design and scoring, comparison of the results between
the different assessments will be difficult.
Conclusion: The value of the current assessments are questionable due to the low level of
evidence supporting their measurement properties, and the lack of clarity surrounding the
types of reversals and the underlying construct the assessments are measuring.
Keywords: letter reversals, measurement properties, administration guidelines

Lucinda Venter
Supervisor: Dr Janet Richmond
(June 2014)

Letter reversal assessments: A systematic review of measurement properties, administration
guidelines and reversal content
The Standards for Educational and Psychological Testing outlines test development,
reliability, validity, administration, scoring, and documentation standards assessments are
expected to meet (American Educational Research Association, American Psychological
Association, & National Council on Measurement in Education [AERA/APA/NCME], 1999).
Assessments results are directly influenced by the administration and scoring performed by
the examiners (Imms & Greaves, 2013) and the standards recommend assessment developers
provide clearly documented administration and scoring guidelines in order to ensure the
comparability of the results to the published scoring norms on which decisions will be based
(AERA/APA/NCME, 1999). Assessment results are used to make decisions, for example to
determine a respondent’s need for, and eligibility to access services (AERA/APA/NCME,
1999).
Assessment developers should clearly describe and define the concepts/constructs the
assessment is designed to measure and clearly state the conceptual framework, “a model
representing the relationships between the items and the construct to be measured” (de Vet et
al., 2011, p. 8), of the assessment (AERA/APA/NCME, 1999). This is important as
administrators of the assessment should clearly understand the concepts/constructs an
assessment purports to measure and the extent to which those concepts/constructs have been
addressed in the content of the assessment (AERA/APA/NCME, 1999). When important
aspects of the concepts/constructs are not addressed in the assessment, the interpretation and
the value of the assessment results will be influenced adversely (AERA/APA/NCME, 1999).
Letter reversals by children has been discussed and investigated by many researchers
and several causes and contributing factors for letter reversals have been suggested (Brooks,
Berninger & Abbott, 2011; Heydorn, 1984; Liberman, Shankweiler, Orlando, Harris & Berti,

1971; Moyer & Newcomer, 1977; Terepocki, Kruk & Willows, 2002; Treiman, Gordon,
Boada, Peterson & Pennington, 2014). Some researchers have found a high correlation
between increased letter reversal rates and reading difficulties in young children (Badian,
2005; Terepocki, Kruk & Willows, 2002) and for this reason an assessment that clearly
measures letter reversal rates could potentially be of value.
A study by Cotter, Rouse and DeLand (1987) compared the results of two letter reversal
assessments, both of which purport to measure letter reversal rates of children, namely the
Reversals Frequency Test and the Jordan Left-Right Reversal Test (Gardner, n.d.; Jordan,
1980). The study found a low to moderate correlation between the two test results (Cotter et
al., 1987). The low correlation between two assessments that purport to measure the same
concept is contrary to what is expected based on the definition of convergent validity, in
which the results of assessments that measure the same concept/construct is expected to show
a high correlation (Portney & Watkins, 2009). In the study, the low correlation between the
assessments was in part attributed to the difference in the assessment designs and the types of
reversals measured by the two assessments (Cotter et al., 1987).
Recently, a revised 3rd edition of the Jordan Left-Right Reversal Test was released
containing two new subtests and changes to the scoring methods used (Jordan, 2011). A
systematic review comparing the currently available letter reversal assessments was proposed
to address a number of questions, including: how comparable are the assessments in terms of
content, what types of letter reversals are addressed in the assessments, and how well do the
assessments meet the recommended standards for reliability and validity?
When two or more assessments that measure the same concept exist, a systematic review
comparing the measurement properties can be used to evaluate and compare the different
assessments in order to identify the assessment that better addresses the needs of the test
administrator (Mokkink et al., 2009). Poor administration guidelines and underrepresentation

of the concepts/constructs in the assessment items may influence the interpretation of the
results (AERA/APA/NCME, 1999). It was decided that these factors, as well as measurement
properties, should be included in this systematic review.
The purpose of this systematic review is to evaluate the measurement properties and
administrative guidelines, and to compare the reversal content of letter reversal assessments
that purport to measure the letter reversal rates of young school-aged children. The objectives
of the systematic review are to:
1) identify all standardised assessments that purport to measure the letter reversal rates of
young school-aged children,
2) evaluate the measurement properties of the identified assessments outline in the
relevant assessment manuals and studies,
3) evaluate the administration guidelines of the identified assessments outlined in the
assessment manuals, and to
4) compare the reversal content and subtests of the different assessments using the
relevant information in the assessment manuals and assessment forms.
Method
Search Strategy
In order to address the first two review objectives stated above, the databases of
PubMed and CINAHL were electronically searched during May 2014. Other databases such
as Educational Source, ERIC, MEDLINE, PsycARTICLES, PsycCRITIQUES, PsycINFO,
PsycTESTS were included during the CINAHL search. In addition, the reference lists of the
studies included in the review were screened to uncover relevant studies not yet identified
through the database search. For each of the identified reversal assessments the user manual
of the most recent version of the assessment was obtained and included in the review. No time
limitations were included on any of the database searches. Different combinations of the

search term strategies outlined in Table 1 were used to search the above-mentioned databases.
Please refer to Appendix I for more details regarding the full search strategies used.
Table 1: Search term strategies
Search strategy for Full description

Term strategies

Concept

Letter reversals, word

letter* revers* OR word* revers* OR

reversals, and letter

letter* orient*

orientation.
Instruments

Assessment(s), test(s) and

assess* OR test* OR measure*

measurement(s).
Specific instruments Reversals Frequency Test

reversal* frequenc* test

Jordan Left-Right Reversal

jordan left-right OR jordan-3 OR

Test

jordan revised OR J-LRRT OR
JLRRT

Test of Pictures/Forms/Letters/

test of pictures / forms / letters /

Numbers/Spatial Orientation & numbers / spatial orientation &
Sequencing Skills

sequencing skills OR test of
pictures/forms/letters/numbers/spatial
orientation & sequencing skills OR
TPFLNSOSS

Selection Criteria
The aim of the database search was to identify 1) all relevant letter reversal assessments
and 2) any studies that addressed one or more of the various measurement properties of these
assessments. In order for an assessment to be included in the systematic review, the
assessment had to meet all of the following inclusion criteria:

the assessment must purport to measure the letter reversal rates of young school-aged
children,
the assessment must be developed and published in English, and
the assessment must be currently available for use, either readily available for free on
request or available for purchase.
Database searches were performed to identify additional studies in which the
assessments were used or mentioned. All these database search results were screened and
excluded from the systematic review if:
the study did not relate to one of the relevant, identified reversal assessments,
the researcher was unable to obtain a full text copy of the study,
the study related to a previous, older version of a relevant assessment,
the reversal assessment was mainly used for diagnostic, screening or discriminative
purposes in the study and the study did not specifically address one or more
measurement properties of the reversal assessment, or
the publication was a book, with the exception of the assessment manuals.
Screening and Selection
Reviewer 1 performed all the databases searches, and all the initial screening of article
titles and abstracts generated during the database searches. Reviewer 1 identified all
assessments and studies that met the inclusion criteria. Two reviewers subsequently reviewed
and evaluated the included assessments and studies.
Data Extraction
Two reviewers independently performed data extraction on all studies and assessments.
The data extracted by the reviewers were compared; any differences were discussed and
resolved in order to obtain consensus. In order to assist with the uniform extraction of the
data, both reviewers used the forms listed in the “Quality Assessment” section of this report.

Quality Assessment
Assessment measurement property taxonomy and definitions were used as outlined by
the “COnsensus-based Standards for the selection of health Measurement Instruments”
(COSMIN) (Mokkink et al., 2010), regardless of the terms used by the authors of the studies
and manuals. For the items not specifically defined in the COSMIN report (Mokkink et al.,
2010), relevant definitions by Portney and Watkins (2009) were used. Please refer to
Appendix II for a copy of the measurement property taxonomy and definitions used in the
review. Based on a review of the three measurement property domains outlined by the
COSMIN (Mokkink et al., 2010) the following measurement properties were determined to
be relevant to this review:
Domain 1: Reliability
Included aspects: internal consistency, reliability, and measurement error.
Domain 2: Validity
Included aspects: content validity, structural validity, and hypothesis testing
(including convergent, discriminant and known groups validity).
Excluded aspects: cross-cultural validity (assessments were not translated) and
criterion validity (no “gold standard” assessment available for comparison).
Domain 3: Responsiveness was included in the review.
Methodological quality of the studies
To assess the methodological quality of the studies and relevant sections of the
assessment manuals that address the measurement properties of the assessments, data was
extracted and evaluated using the “COSMIN Checklist with 4-Point Scale” (COSMIN, 2011).
Please refer to Appendix III for a copy of the relevant sections of the COSMIN checklist. The
“COSMIN Checklist Manual” was used to guide the evaluation process (Mokkink et al.,
2012). In this checklist the methodological quality of each measurement property assessment

is evaluated by rating the sub-items as either poor, fair, good or excellent (Mokkink et al.,
2012). The overall methodological quality rating of each measurement property assessment is
determined using the “lowest score for any of the items” (Mokkink et al., 2012, p. 48).
Criteria for measurement properties
To assess the measurement property results stated in the assessment manuals and
relevant studies, the results were evaluated using the “Measurement property criteria scale”
(Appendix IV). This scale is a slightly adapted version of the measurement property results
criteria previously published by Terwee et al. (2007) and Schellingerhour et al. (2012). Based
on the criteria outlined in Appendix IV the results are rated as either + (positive rating), ?
(indetermined rating) or – (negative rating).
Administration guidelines evaluation form
To assess the completeness and clarity of the administration and scoring guidelines of
each assessment manual, data was extracted using the “Administration guidelines evaluation
form”. The form was specifically designed for this review. Each administrative and scoring
item was rated as very clear, mostly clear, unclear or not stated (please refer to Appendix V).
Based on these results, the manuals were given an overall rating of either: unclear (0-50%),
mostly clear (51-83%) or very clear (84-100%).
Reversal assessment content comparison
To compare the content of the different subtests in each reversal assessment, the
assessment manuals were reviewed in order to generate a list of types of reversals mentioned
in the three manuals. Using the types of reversals identified through the manuals as a
framework, the assessment content was summarised and compared in terms of: the types of
reversals assessed by each test, the design/nature of the subtests, the scoring methods used
and how the results were reported in terms of gender. Please refer to Appendix VI for a
summary of the types of referrals mentioned by the assessment authors.

Results
The database search revealed a total of 2,605 search results and other sources an
additional 6 publications. Of these, 1,230 were determined to be duplicate results and 36
related to references in books. The article titles and abstracts (when warranted) for the
remaining 1,345 search hits where screened by the reviewer. Forty publications were assessed
in detail in order to determine their suitability for inclusion in the systematic review. Of those,
only six publications were included in the final systematic review, the other 34 publications
were excluded because the publications did not meet the review selection criteria. Please refer
to Figure 1 for an illustration of the database search process and a summary of the reasons
search results were excluded, Appendix VII for a summary of the results per search, and
Table 2 for a list of the final six publications (manuals and studies) included in the review.
The following three letter reversal assessments were identified for inclusion in the
systematic review: 1) Reversals Frequency Test (RFT) (Gardner, n.d.), 2) Test of Pictures /
Forms / Letters / Numbers / Spatial Orientation & Sequencing Skills (TOPFLNSOSS)
(Gardner, 1991), and 3) Jordan Left-Right Reversal Test, 3rd Edition (JLRRT3) (Jordan,
2011). A fourth reversal assessment called the Horst Reversals Test (Kattouf & Steele, 2000;
Kaufman, 1980a; Kaufman, 1980b) was identified, however the reviewer was unable to locate
a copy of the assessment, therefore the assessment was not included in this review.
Table 2: Final list of assessment manuals and studies included in the review
Reference
Gardner (n.d.)

Type
Manual

Gardner & Broman (1979)

Study

Cotter, Rouse & DeLand (1987)

Study

Gardner (1991)

Manual

Jordan (2011)

Manual

Jordan & Martin (2012)

Study

RFT

TOPFLNSOSS

JLRRT3

Figure 1: Database search process and results

Reversals Frequency Test (RFT)
The RFT was developed by R. A. Gardner and first published in 1978 (Gardner, n.d.;
Gresham & Mealor, 1992). In the assessment manual the author stated that the assessment
"provides the examiner with an objective method for assessing a child's reversals frequency in
three areas where reversals errors may manifest themselves. It does not assess all types of
reversals errors" (Gardner, n.d., p. 25). Appendix VIII provides further detail. The assessment
measures reversals of lower case letters and numbers in the areas of recognition and execution
and is appropriate to use for children aged 5:0 to 15:11 years (scoring information only
provided to age 14:11) (Gardner, n.d.).
In addition to the assessment manual, two relevant studies were identified. One study
(Gardner & Broman, 1979) was co-written by the assessment author, in which additional
information was provided to clarify some unclear information provided in the manual
regarding the “comparison of normal and MBD children” (Gardner, n.d., p. 13). For the
purpose of this review, the information in the study rather than in the manual was used to
evaluate the hypotheses-testing measurement properties. The other identified study (Cotter et
al., 1987) did a comparison of the pass/fail results of the RFT and an earlier version of the
Jordan Left-Right Reversal Test.
The evaluation of the measurement properties of the assessment was limited due to the
low number of relevant studies and because most of the information is provided by the author
of the assessment, not an independent source. The measurement properties evaluation results
are provided in Table 3 and Table 4 below.
Table 3: Methodological quality of each study
Publication
Gardner (n.d.)
Gardner &
Broman (1979)
Cotter, Rouse,
& DeLand
(1987)

Internal
consistency

Reliability

Measurement
errors

Content
validity

Structural
validity

Poor

Poor

Hypotheses
testing

Fair
Poor

Responsiveness

Table 4: Quality of the measurement properties for each study
Publication

Internal
consistency

Reliability

Measurement
errors

Gardner (n.d.)

Content
validity

Structural
validity

?

Hypotheses
testing

Responsiveness

?

Gardner &
Broman (1979)
Cotter, Rouse,
& DeLand
(1987)

?
-

The evaluation of the manual’s administration guidelines revealed that the manual
instructions were considered unclear (mean of 33%).
Test of Pictures / Forms / Letters / Numbers / Spatial Orientation & Sequencing Skills
(TOPFLNSOSS)
The TOPFLNSOSS was developed by M. F. Gardner and first published in 1991
(Gardner, 1991). The purpose of the assessment, as stated in the manual is "to determine a
child's ability to visually perceive pictures, forms, letters, and numbers in the correct direction
and to visually perceive words with the letters in the correct sequence" (Gardner, 1991, p. 13).
Appendix VIII displays more detail. The TOPFLNSOSS is suitable for children aged 5:0 to
10:11 years and consist of seven subtests that contain a mixture of numbers, lower case
letters, upper case letters, words, pictures and shapes written in different spatial orientations
(Gardner, 1991).
The database search did not reveal any studies in relation to the TOPFLNSOSS, which
means the only source of information regarding the measurement properties are those
published by the author. This bias and limitation should be kept in mind when reviewing the
measurement properties. Please refer to Table 5 and Table 6 for evaluation of the
assessment’s measurement properties.
Table 5: Methodological quality of each study
Publication

Internal
consistency

Gardner
(1991)

Poor

Reliability

Measurement
errors

Content
validity

Structural
validity

Hypotheses
testing

Fair

Poor

Poor / Poor

Responsiveness

Table 6: Quality of the measurement properties for each study
Publication

Gardner
(1991)

Internal
consistency

Reliability

Measurement
errors

?

Content
validity

Structural
validity

Hypotheses
testing

?

?

-/?

Responsiveness

The evaluation of the manual’s administration guidelines revealed the reviewers felt the
instructions were mostly clear (mean of 65%).
Jordan Left-Right Reversal Test, 3rd Edition (JLRRT3)
The Jordan Left-Right Reversal Test (JLRRT) was first published by B. T. Jordan in
1974 (Jordan, 2011). The most recent 3rd edition of the assessment was published in 2011 and
contains two new subtests not previously included in the assessment (Jordan, 2011). The
assessment remedial checklists were not included in this review. The author describes the
assessment as "an assessment of how well students (ages 5 through 18 years) can identify
reversed images, letters, and numbers (in isolation and within text); and sequences of letters"
(Jordan, 2011, p. 5). Appendix VIII provides additional information.
A comparison of the assessment content of the 1990 and 3rd edition of the assessment
(Jordan, 1990; Jordan 2011) revealed changes (Table 7) that will impact on the comparability
of the results between the two versions of the assessment. This review will only focus on the
most recent version of the assessment.
Table 7: Comparing the JLRRT 1990 and 3rd edition
Content of Part 1 (for children aged 5:0 to 18:11)
Content of Part 2 (for children aged 9:0 to 18:11)
Scoring tables for Part 1
Scoring tables for Part 2
Method of scoring

1990 edition
Subtest B
Subtest A & B
Subtest B only
Subtest A & B combined
Error scores

3rd edition
Subtest A and B
Subtest A, B & C
Subtest A & B combined
Subtest A, B & C combined
Error and Accuracy scores

Although the database search revealed a number of studies that referred to the previous
versions of the assessment, there was only one study (Jordan & Martin, 2012), co-written by
the author of the assessment, which related to the new JLRRT3. A review of this study

(Jordan & Martin, 2012) revealed it contained mostly abbreviated information already stated
in the manual. Thus there is only one source of information for the measurement properties of
this assessment, the author of the assessment. As stated previously, this bias should be kept in
mind when evaluating the information. Please refer to Table 8 and Table 9 for results from the
measurement property review. The evaluation of the manual’s administration guidelines
revealed that the reviewers felt the manual instructions were mostly clear (mean of 73.5%).
Table 8: Methodological quality of each study
Publication
Jordan
(2011);
Jordan &
Martin
(2012)

Internal
consistency
Poor

Reliability

Measurement
errors

Poor

Content
validity
Poor

Structural
validity
Fair

Hypotheses
testing
Poor / Fair

Responsiveness

Content
validity

Structural
validity

Hypotheses
testing

Responsiveness

?

?

-/?

Table 9: Quality of the measurement properties for each study
Publication
Jordan
(2011);
Jordan &
Martin
(2012)

Internal
consistency

Reliability

?

?

Measurement
errors

Reversal Assessment Content Summary
Since all three assessments purport to measure children’s reversal recognition rate but
only the RFT assessment measures children’s reversal production/execution rate (Gardner,
n.d.; Gardner, 1991; Jordan, 2011), this comparison will only focus on comparing the
recognition subtests and items. The subtests and subtest items of the three assessments were
reviewed and compared in order to identify the type of subtest layouts used and types of
reversals addressed by each assessment. Table 10 compares the subtest layouts used in the
three assessments, Table 11 summarises the scoring methods used by each of the assessments,
and Table 12 summarises the different types of reversals addressed in each subtests.

Table 10: Layout of recognition subtests
Layout examples

RFT

TOPFLNSOSS

Subtest 2

Subtest 3

Subtest 2

Subtest 3

JLRRT3

Subtest 3
Subtest 2

Subtest 6

Subtest 2

Subtest 1B
Subtest 1B
Subtest 1B

Subtest 5
Subtest 3
Subtest 3

wxc-wcx

Subtest 1

Subtest 1A

Subtest 2

Subtest 1A

Subtest 4

Subtest 2A

Subtest 7

Subtest 2B

The car saw on fire

Subtest 2C

Notes (Table 10): The new JLRRT3 subtest 1A contains the same pictures, forms and letter
sequencing items used in the TOPFLNSOSS subtest 1 & 2. The new JLRRT3 subtest 2B
contains the same letter sequencing items used in TOPFLNSOSS subtest 7 (JLRRT3
corrected the inconsistent items in the TOPFLNSOSS subtest).

RFT
Subtest 2
Subtest 3
TOPFLNSOSS
Subtest 1
Subtest 2

1 item only
1 item only

1 item only
1 item only

1 item only

Subtest 3
Subtest 4
Subtest 5
Subtest 6
Subtest 7
JLRRT3
Subtest 1A
Subtest 1B
Subtest 2A
Subtest 2B
Subtest 2C

1 item only

1 item only

Whole word
reversals

Transpositions
(sequencing)

Rotations

Inverted
reversals

Inversions

Mirror
reversals

Table 11: Types of reversals mentioned in the three assessment manuals

Table 12: Scoring methods and gender reporting of scores
Scoring methods
Errors

Accuracy

Reporting of gender scores
Combined

Separate

RFT
TOPFLNSOSS
JLRRT3

Comparing Measurement Properties and Administration Guidelines
Reliability
The evidence for the reliability of the assessments at this stage can best described as
incomplete. The author of the JLRRT3 provided some evidence for the internal consistency
and test-retest reliability, but provided no evidence regarding the intra-rater reliability, interrater reliability and measurement error. The author of the TOPFLNSOSS provided some
evidence for the internal consistency only. Both the JLRRT3 and TOPFLNSOSS stated that
the assessments could be administrated individually or in small groups, but no evidence for
the comparability of the results for those two modes of administration were provided. The
RFT manual provided no evidence for its reliability.
Content validity
The current evidence for the validity of the assessments is insufficient. None of the
assessments define the constructs they are measuring and only partially define and address the
concepts (letter reversals) that they purport to measure. The RFT author provides some
information regarding the author’s view of the different types of reversals, the reasoning for
item inclusion and ordering, and clearly state the assessment is not designed to measure all
types of reversals. Both the TOPFLNSOSS and JLRRT3 assessments provide a brief history
of the different theories on letter reversals, but the authors do not clearly explain which types

of reversals are measured by the assessments. The JLRRT3 provided very little information
regarding the process of how subtest items were selected and refined. None of the
assessments explain the assessment piloting and development process, important elements in
the development of a valid assessment (de Vet et al., 2011).
Table 11 illustrates that none of the assessments adequately address all types of
reversals; most of the subtest items only assess mirror reversals (in isolation or word format).
Inversions, inverted reversals and rotations are not properly addressed in any of the three
assessments. Due to the differences in the subtest designs (Table 10), differences in scoring
methods (Table 12) and grouping of subtests in the scoring tables, a comparison of the results
from the three assessments might be difficult to perform.
A review of the JLRRT3 by D. L. Sabers and A. M. Olson states: “Thus the content
relevance of the subtests appears acceptable (i.e. has evidence of face validity), but the
content representativeness is potentially problematic” (Sabers, Olson, & van Haneghan, 2014,
First technical section, para. 3). However, even the face validity of the assessment could be
questioned. Cotter et al. (1987) questioned whether some of the word-based subtests of the
JLRRT were actually measuring the children’s reversal identification rate or their
spelling/reading abilities. During a review of the subtest items, it was observed that the
TOPFLNSOSS subtest 5 & JLRRT3 subtest 1B, both assessing children’s ability to identify
items when written in mirror-reversed orientation, contain items that cannot be mirror
reversed (for example, letters M, I, X).
Construct validity
The authors of the assessments provided some evidence for the assessments to
differentiate between children with and without learning difficulties. However the authors
only provided a limited, abbreviated amount of information about the research methods and
statistical methods used. This limited amount of information negatively impacted on the

evaluation of the methodological quality of the studies that investigated the measurement
properties of the assessments. None of these studies clearly stated the hypotheses to be tested
nor did they describe the measurement properties of the comparative assessments used in the
study; important elements in construct hypothesis testing (de Vet et al., 2011). None of the
assessments provided any evidence for the responsiveness of the assessments.
Administration and scoring guidelines
For the RFT, the reviewers identified insufficient instructions relating to most aspects of
the administration and scoring of the assessment. This evaluation is in agreement with a
review by F. M. Gresham (1992) in which he states the RFT assessment manual is missing
some of the most basic and essential instructions. For the TOPFLNSOSS and JLRRT3, the
reviewers evaluated the instructions as mostly clear. Recommendations to clarify the
instructions include, but are not limited to: specifying children for whom the assessment is not
appropriate (specific intellectual or medical diagnoses / any language or educational
exclusions); clearly stating suitable time intervals between assessments; whether changes to
answers are allowed and if so, how any changed answers should be scored; how to score
missing items; and a clear statement regarding the level of measurement of score results.
Discussion
All three of the assessments were developed and standardised based on samples of
children in the United States only. The review was unable to identify any studies done to
determine the relevance and validity of the assessment results for any other countries in which
English is spoken as a first language. The relevance and generalisability of the RFT scores
appear to be questionable for children in the United States, as a study by Kattouf & Steele
(2000) found much higher rates of reversals for a group of young children, using the RFT
recognition subtest than those reported in the assessment manual.

All the currently available assessments that purport to measure the letter reversal rates
of children were initially designed and developed before the assessment standards were
published (AERA/APA/NCME, 1999). Only the JLRRT has subsequently been revised. This
could in part explain why the manual of the RFT assessment contains no information
regarding its reliability and only limited information regarding its validity. However,
examiners should require that assessments meet the necessary standards expected of
assessments, regardless of when they were developed, before putting them into practice.
The evaluation of the methodological quality of the publications was in part impacted
by the abbreviated way in which the authors stated the relevant research and statistical
methods used during the evidence gathering process. If cost considerations are limiting the
amount of research and statistical information included in the manuals, the developers of
assessment should consider making the information available in another cost effective way.
The review found that none of the assessments clearly stated the assessment’s reversal
conceptual framework on which the subtests were designed. A review of other literature to
summarise and identify all the different types of letter reversals was outside the scope of this
review. This is an important limitation of this review. The summary of the types of reversal
presented in the review is not necessarily a complete or accurate reflection of all types of
reversals. Despite this review limitation, none of the assessments assess all types of reversals
as outlined in this review. This is an important fact that examiners need to be aware of and
should keep in mind when choosing to use any of these assessments. There is a very real risk
that a child with reversal tendencies not addressed in these assessments might be incorrectly
identified as not having increased rates of reversals due to the insufficient content of these
assessments.
In conclusion, none of the three assessments would be recommended to measure letter
reversal rates of children until 1) sufficient evidence for the reliability, validity and

responsiveness of these assessment has been provided, and 2) all types of letter reversals have
been included in the assessment with a clear link to the underlying constructs each type of
reversal is related to. A review of the JLRRT3 by J. P. van Haneghan states “Without
providing better justification for its use and a more detailed description of what performance
means for whom, it is hard to recommend its use for clinical purposes” (Sabers et al., 2014,
Second commentary section, para. 2).
If letter reversals can be proven to be as a result of specific underlying skills deficits,
and if it can be shown that reversal of letters is a clear symptom (that can be accurately
measured) of that particular underdeveloped skill, then in the future, letter reversal tendencies
could potentially be used to measure (using an assessment meeting all the essential criteria for
an standardised assessment) children’s ability in that particular skill. But at this stage, none of
these criteria have been addressed adequately which means the meaningfulness,
interpretability and accuracy of the results of the current assessments are questionable.
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Appendix I

Summary of database searches
Search Number
Nature of the search:
Database searched:
Other databases included:
Date database was searched:
Published date range:
Search strategy:
Search expanders:
Total number of search results:
Search Number
Nature of the search:
Database searched:
Other databases included:
Date database was searched:
Published date range:
Search strategy:
Search expanders:
Total number of search results:
Search Number
Nature of the search:
Database searched:
Other databases included:
Date database was searched:

1
Instrument search
CINAHL Plus with Full Text
Educational Source, ERIC, MEDLINE, PsycARTICLES, PsycBOOKS, PsycCRITIQUES, PsycINFO,
PsycTESTS
27-May-14
Not specified
reversal* frequenc* test
"Apply related words" AND "Also search within the full text of the article"
49
2
Instrument search
CINAHL Plus with Full Text
Educational Source, ERIC, MEDLINE, PsycARTICLES, PsycBOOKS, PsycCRITIQUES, PsycINFO,
PsycTESTS
27-May-14
Not specified
jordan left-right OR jordan-3 OR jordan revised
"Apply related words" AND "Also search within the full text of the article"
167
3
Instrument search
CINAHL Plus with Full Text
Educational Source, ERIC, MEDLINE, PsycARTICLES, PsycBOOKS, PsycCRITIQUES, PsycINFO,
PsycTESTS
27-May-14

Published date range:
Search strategy:
Search expanders:
Total number of search results:
Search Number
Nature of the search:
Database searched:
Other databases included:
Date database was searched:
Published date range:
Search strategy:
Search expanders:
Total number of search results:
Search Number
Nature of the search:
Database searched:
Other databases included:
Date database was searched:
Published date range:
Search strategy:
Search expanders:

Not specified
test of pictures / forms / letters / numbers / spatial orientation & sequencing skills OR test of
pictures/forms/letters/numbers/spatial orientation & sequencing skills OR TPFLNSOSS
"Apply related words" AND "Also search within the full text of the article"
4
4
Instrument search
CINAHL Plus with Full Text
Educational Source, ERIC, MEDLINE, PsycARTICLES, PsycBOOKS, PsycCRITIQUES, PsycINFO,
PsycTESTS
28-May-14
Not specified
J-LRRT OR JLRRT
"Apply related words" AND "Also search within the full text of the article"
4

Total number of search results:

5
Concept search
CINAHL Plus with Full Text
Educational Source, ERIC, MEDLINE, PsycARTICLES, PsycCRITIQUES, PsycINFO, PsycTESTS
28-May-14
Not specified
letter* revers* OR word* revers* OR letter* orient* OR digit* revers* OR number* revers*
"Apply related words" AND "Also search within the full text of the article" "All child" AND "childhood
(birth-12years)" AND "adolescent: 13 - 18 years"
1217

Search Number
Nature of the search:
Database searched:

6
Concept and instrument search
CINAHL Plus with Full Text

Search expanders:
Total number of search results:

Educational Source, ERIC, MEDLINE, PsycARTICLES, PsycBOOKS, PsycCRITIQUES, PsycINFO,
PsycTESTS
29-May-14
Not specified
letter* revers* OR word* revers* OR letter* orient* OR digit* revers* OR number* revers* AND assess*
OR test* OR measure*
"Apply related words" AND "Also search within the full text of the article"
1080

Search Number
Nature of the search:
Database searched:
Other databases included:
Date database was searched:
Published date range:
Search strategy:
Search expanders:
Total number of search results:

7
Instrument search
PubMed
reversal* frequenc* test
30-May-14
Not specified
reversal* frequenc* test
"Humans" AND "Child: birth - 18 years"
58

Search Number
Nature of the search:
Database searched:
Other databases included:
Date database was searched:
Published date range:
Search strategy:
Search expanders:
Total number of search results:

8
Instrument search
PubMed
reversal* frequenc* test
30-May-14
Not specified
test of pictures / forms / letters / numbers / spatial orientation & sequencing skills OR test of
pictures/forms/letters/numbers/spatial orientation & sequencing skills OR TPFLNSOSS
"Humans" AND "Child: birth - 18 years"
58

Search Number

9

Other databases included:
Date database was searched:
Published date range:
Search strategy:

Nature of the search:
Database searched:
Other databases included:
Date database was searched:
Published date range:
Search strategy:
Search expanders:
Total number of search results:

Instrument search
PubMed
reversal* frequenc* test
30-May-14
Not specified
jordan left-right OR jordan-3 OR jordan revised OR J-LRRT OR JLRRT
"Humans" AND "Child: birth - 18 years"
21

Search Number
Nature of the search:
Database searched:
Other databases included:
Date database was searched:
Published date range:
Search strategy:

10
Instrument search
Measurement Yearbook
reversal* frequenc* test
30-May-14
Not specified
Jordan left-right reversal AND reversals frequency test AND test of pictures forms letters numbers AND
test of pictures forms letters numbers spatial orientation & sequencing skills
"Humans" AND "Child: birth - 18 years"
5
58

Search expanders:
Total number of search results:

Appendix II

Summary of measurement property taxonomy and definitions
COSMIN Taxonomy
Domain

Measurement
properties

Aspects of
measurement
properties

Domain 1 - Reliability
Reliability

Subtypes

Definitions
Abbreviated version: "The degree to which the measurement is free
from measurement error". Extended version: "The extent to which
scores for patients who have not changed are the same for repeated
measurement under several conditions: for example, using different
sets of items form the same HR-PROs (internal consistency), over
time (test-retest)by different persons on the same occasion (interrater)
or by the same person (i.e. raters or responders) on different occasions
(intrarater)" (Mokkink, et. al., 2010, p. 743).

Internal
consistency

"The degree of the interrelatedness among the items" (Mokkink, et.
al., 2010, p. 743).

Reliability

"The proportion of the total variance in the measurement which is
because of "true" differences among patients" (Mokkink, et. al., 2010,
p. 743).
Test-retest

"Test-retest reliability assessment is used to establish that an
instrument is capable of measuring a variable with consistency. In a
test-retest study, one sample of individuals is subjected to the
identical test on two separate occasions, keeping all testing conditions
as constant as possible" (Portney & Watkins, 2009, p. 85).

Inter-rater

"Interrater reliability concerns variation between two or more raters
who measure the same group of subjects" (Portney & Watkins, 2009,
p. 87).

Measurement
properties

Domain

Aspects of
measurement
properties
Intra-rater

Definitions
"Intrarater reliability refers to the stability of data recorded by one
individual across two or more trials….intrarater reliability is usually
assessed using trails that follow each other with short intervals"
(Portney & Watkins, 2009, p. 87).
"The systematic and random error of a patient's score that is not
attributed to true changes in the construct to be measured" (Mokkink,
et. al., 2010, p. 743).

Measurement
error
Domain 2 - Validity
Validity

"The degree to which an HR-PRO instrument measures the
construct(s) it purports to measure" (Mokkink, et. al., 2010, p. 743).
"The degree to which the content of an HR-PRO instrument is an
adequate reflection of the construct to be measured" (Mokkink, et. al.,
2010, p. 743).

Content validity

Face validity

Construct validity

Subtypes

"The degree to which (the items of) an HR-PRO instrument indeed
looks as through they are an adequate reflection of the construct to be
measured" (Mokkink, et. al., 2010, p. 743).
"The degree to which the scores of an HR-PRO instrument are
consistent with hypotheses (for instance with regard to internal
relationships, relationships to scores of other instruments, or
differences between relevant groups) based on the assumption that the
HR-PRO instrument validly measures the construct to be measured"
(Mokkink, et. al., 2010, p. 743).

Domain

.

Measurement
properties

Aspects of
measurement
properties

Subtypes

Definitions

Structural
validity

"The degree to which the scores of an HR-PRO instrument are an
adequate reflection of the dimensionality of the construct to be
measured" (Mokkink, et. al., 2010, p. 743).

Hypotheses
testing

"The degree to which the scores of an HR-PRO instrument are
consistent with hypotheses (for instance with regard to internal
relationships, relationships to scores of other instruments, or
differences between relevant groups) based on the assumption that the
HR-PRO instrument validly measures the construct to be measured"
(Mokkink, et. al., 2010, p. 743).
Convergent
validity

"Convergent validity indicates that two measures believed to reflect
the same underlying phenomenon will yield similar results or will
correlate highly" (Portney & Watkins, 2009, p. 107).

Discriminant
validity

"Discriminant validity indicates that different results, or low
correlations, are expected from measures that are believed to assess
different characteristics" (Portney & Watkins, 2009, p. 107).

Known
groups
validity

"…when a test can discriminate between individuals who are know to
have the trait and those that do not. Using the know groups method, a
criterion is chosen that can identify the presence or absence of a
particular characteristic, and the theoretical context behind the
construct is used to predict how different groups are expected to
behave." (Portney & Watkins, 2009, p. 107).

Domain

Measurement
properties

Aspects of
measurement
properties
Crosscultural
validity

Criterion validity

Subtypes

Definitions
"The degree to which the performance of the items on a translated or
culturally adapted HR-PRO instrument are an adequate reflection of
the performance of the items of the original version of the HR-PRO
instrument" (Mokkink, et. al., 2010, p. 743).
"The degree to which the scores of an HR-PRO instrument are an
adequate reflection of a "gold standard"" (Mokkink, et. al., 2010, p.
743).
Gold standard: "A measurement that defines the true value of a
variable. In criterion-related validity, an instrument that is considered
a valid measure and that can be used as the standard for assessing
validity of other instruments." (Portney & Watkins, 2009, p. 869).

Domain 3 – Responsiveness
Responsiveness

"The ability of an HR-PRO instrument to detect change over time in
the construct to be measured" (Mokkink, et. al., 2010, p. 743).
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Appendix III

COSMIN checklist with 4-point scale (COSMIN, 2011)

Box A: Internal consistency

Excellent

Good

Fair

Poor

Is this property relevant or not for the instrument under study
A1. Does the scale consist of effect indicators, i.e. is it based on a reflective
model?

Yes / No

Design requirements
A2. Was the percentage of missing items given?

Percentage of
missing items
described

Percentage of
missing items
NOT described

A3. Was there a description of how missing items were handled?

Described how
missing items
were handled

Not described
but it can be
deduced how
missing items
were handled

Not clear how
missing items
were handled

Adequate sample
size (>= 100)

Good sample
size (50-99)

Moderate
sample size (3049)

Small sample
size (<30)

Factor analysis
performed in the
study population

Authors refer to
another study in
which factor
analysis was
performed in a
similar study
population

Authors refer to
another study in
which factor
analysis was
performed, but
not in a similar
study population

Factor analysis
NOT
performed and
no reference to
another study

7* #items and
>= 100

5* #items and
>=100
OR
6-7* #items but
<100

5* #items but
<100

<5* #items

A4. Was the sample size included in the internal consistency analysis adequate?

A5. Was the unidimensionality of the scale checked? i.e. was factor analysis or
IRT model applied?

A6. Was the sample size included in the unidimensionality analysis adequate?

A7. Was an internal consistency statistic calculated for each (unidimensional)
(sub)scale separately?

Internal
consistency
statistic NOT
calculated for
each subscale
separately

Internal
consistency
statistic
calculated for
each subscale
separately
No other important
methodological
flaws in the design
or execution of the
study

Other minor
methodological
flaws in the
design or
execution of the
study

Other important
methodological
flaws in the
design or
execution of the
study

A9. for Classical Test Theory (CTT), continuous scores: Was Cronbach's alpha
calculated?

Cronbach's alpha
calculated

Only item-total
correlations
calculated

No Cronbach's
alpha and no
item-total
correlations
calculated

A10. for CTTT, dichotomous scores: Was Cronbach's alpha or KR-20 calculated?

Cronbach's alpha
or KR-20
calculated

Only item-total
correlations
calculated

No Cronbach's
alpha and no
item-total
correlations
calculated

A11. for IRT: Was a goodness of fit statistic at a global level calculated? E.g. X2,
reliability coefficient of estimated latent trait value (index of (subject or item)
separation)

Goodness of fit
statistic at a
global level
calculated

A8. Were there any important flaws in the design or methods of the study?

Statistical methods

Goodness of fit
statistic at a
global level
NOT calculated

Box B: Reliability (test-retest, inter-rater, intra-rater)

Excellent

Good

Fair

B1. Was the percentage of missing items given?

Percentage of
missing items
described

Percentage of
missing items
NOT described

B2. Was there a description of how missing items were handled?

Described how
missing items
were handled

Not described
but it can be
deduced how
missing items
were handled

Not clear how
missing items
were handled

Adequate sample
size (>= 100)

Good sample
size (50-99)

Moderate
sample size (3049)

Poor

Design requirements

B3. Was the sample size included in the analysis adequate?

B4. Were at least two measurements available?

At least two
measurements

B5. Were the administrations independent?

Independent
measurements

B6. Was the time interval stated?

Time interval
stated

B7. Were patients stable in the interim period on the construct to be measured?

B8. Was the time interval appropriate?

Patients were
stable (evidence
provided)
Time interval
appropriate

Small sample
size (<30)
Only on
measurement

Assumable that
the
measurements
were
independent

Doubtful
whether the
measurements
were
independent

Measurements
NOT
independent

Time interval
NOT stated
Assumable that
patients were
stable

Unclear if
patients were
stable

Patients were
NOT stable

Doubtful
whether time
interval was
appropriate

Time interval
NOT
appropriate

B9. Were the test conditions similar for both measurements? E.g. type of
administration, environment, instructions

B10. Were there any important flaws in the design or methods of the study?

Test conditions
were similar
(evidence
provided)
No other
important
methodological
flaws in the
design or
execution of the
study

Assumable that
test conditions
were similar

Unclear if test
conditions were
similar

Test conditions
were NOT
similar

Other minor
methodological
flaws in the
design or
execution of the
study

Other
important
methodological
flaws in the
design or
execution of
the study

Pearson or
Spearman
correlation
coefficient
calculated
WITHOUT
evidence provided
that no systematic
change has occurred
or WITH evidence
that systematic
change has occurred

No ICC of
Pearson or
Spearman
correlations
calculated

Statistical methods

B11. for continuous scores: Was an intraclass correlation coefficient (ICC)
calculated?

ICC calculated
and model or
formula of the
ICC is described

B12. for dichotomous/nominal/ordinal scores: Was kappa calculated?

Kappa calculated

B13. for ordinal scores: Was a weighted kappa calculated?

Weighted Kappa
calculated

B14. for ordinal scores: Was the weighting scheme described? E.g. linear,
quadratic

Weighted
scheme
described

ICC calculated but
model or formula of
the ICC not
described or not
optimal. Pearson or
Spearman correlation
coefficient calculated
with evidence
provided that no
systematic changed
has occurred

Unweighted
Kappa
calculated
Weighting
scheme NOT
described

Only
percentage
agreement
calculated
Only
percentage
agreement
calculated

Box C: Measurement error (absolute measures)

Excellent

Good

Fair

C1. Was the percentage of missing items given?

Percentage of
missing items
described

Percentage of
missing items
NOT described

C2. Was there a description of how missing items were handled?

Described how
missing items
were handled

Not described
but it can be
deduced how
missing items
were handled

Not clear how
missing items
were handled

Adequate sample
size (>= 100)

Good sample
size (50-99)

Moderate
sample size (3049)

Poor

Design requirements

C3. Was the sample size included in the analysis adequate?

C4. Were at least two measurements available?

At least two
measurements

C5. Were the administrations independent?

Independent
measurements

C6. Was the time interval stated?

Time interval
stated

C7. Were patients stable in the interim period on the construct to be measured?

C8. Was the time interval appropriate?

Patients were
stable (evidence
provided)
Time interval
appropriate

Small sample
size (<30)
Only on
measurement

Assumable that
the
measurements
were
independent

Doubtful
whether the
measurements
were
independent

Measurements
NOT
independent

Time interval
NOT stated
Assumable that
patients were
stable

Unclear if
patients were
stable

Patients were
NOT stable

Doubtful
whether time
interval was
appropriate

Time interval
NOT
appropriate

C9. Were the test conditions similar for both measurements? E.g. type of
administration, environment, instructions

C10. Were there any important flaws in the design or methods of the study?

Test conditions
were similar
(evidence
provided)
No other
important
methodological
flaws in the
design or
execution of the
study

Assumable that
test conditions
were similar

Unclear if test
conditions were
similar

Test conditions
were NOT
similar

Other minor
methodological
flaws in the
design or
execution of the
study

Other
important
methodological
flaws in the
design or
execution of
the study

Statistical methods

C11. for CTT: Was the Standard Error of Measurement (SEM), Smallest
Detectable Change (SDC) or Limits of Agreement (LoA) calculated?

SEM, SDC, or
LoA calculated

Possible to
calculated LoA
from the data
presented

SEM
calculated
based on
Cronbach's
alpha or on SD
from another
population

Box D: Content validity (including face validity)

Excellent

Good

Fair

Poor

Aspect of the
construct to be
measured poorly
described AND
this was not taken
into consideration

NOT assessed if
all items refer to
relevant aspects
of the construct
to be measured
NOT assessed if
all items are
relevant for the
study population
OR target
population not
involved

General requirements

D1. Was there an assessment of whether all items refer to relevant aspects of the
construct to be measured?

Assessed if all
items refer to
relevant aspects of
the construct to be
measured

D2. Was there an assessment of whether all items are relevant for the study
population? (e.g. age, gender, disease characteristics, country, setting)

Assessed if all
items are relevant
for the study
population in
adequate sample
size (>=10)

Assessed if all
items are relevant
for the study
population in
moderate sample
size (5-9)

Assessed if all
items are relevant
for the study
population in
small sample size
(<5)

D3. Was there an assessment of whether all items are relevant for the purpose of
the measurement instrument? (discriminative, evaluative, and/or predictive)

Assessed if all
items are relevant
for the purpose of
the application

Purpose of the
instrument was not
described but
assumed

NOT assessed if
all items are
relevant for the
purpose of the
application

D4. Was there an assessment of whether all items together comprehensively
reflect the construct to be measured?

Assessed if all
items together
comprehensively
reflect the
construct to be
measured

No theoretical
foundation of the
construct and this
was not taken into
consideration

NOT assessed if
all items
together
comprehensively
reflect the
construct to be
measured

No other important
methodological
flaws in the design
or execution of the
study

Other minor
methodological
flaws in the
design or
execution of the
study

Other important
methodological
flaws in the
design or
execution of the
study

D5. Was there any important flaws in the design or methods of the study?

Box E: Structural validity

Excellent

E1. Does the scale consist of effect indicators, i.e. is it based on a reflective
model

Good

Fair

Poor

Yes / No

General requirements
E2. Was the percentage of missing items given?

Percentage of
missing items
described

Percentage of
missing items
NOT described

E3. Was there a description of how missing items were handled?

Described how
missing items
were handled

Not described
but it can be
deduced how
missing items
were handled

Not clear how
missing items
were handled

7* #items and
>=100

5* #items and
>=100
OR
5-7* #items but
<100

5* #items but
<100

<5* #items

Other minor
methodological
flaws in the
design or
execution of the
study (e.g.
rotation method
not described)

Other important
methodological
flaws in the
design or
execution of the
study (e.g.
inappropriate
rotation method)

E4. Was the sample size included in the analysis adequate?

E5. Was there any important flaws in the design or methods of the study?

Statistical methods

No other
important
methodological
flaws in the
design or
execution of the
study

E6. for CTT: Was exploratory or confirmatory factor analysis performed?

Exploratory or
confirmatory
factor analysis
performed and
type of factor
analysis
appropriate in
view of existing
information

E7. for IRT: Were IRT tests for determining the (uni-) dimensionality of the
items performed?

IRT test for
determining
(uni-)
dimensionality
performed

Exploratory
factor analysis
performed while
confirmatory
would have been
more appropriate

No exploratory
or
confirmatory
factor analysis
performed
IRT test for
determining
(uni-)
dimensionality
NOT
performed

Box F: Hypotheses testing

Excellent

Good

Fair

Poor

F1. Was the percentage of missing items given?

Percentage of
missing items
described

Percentage of
missing items
NOT described

F2. Was there a description of how missing items were handled?

Described how
missing items
were handled

Not described
but it can be
deduced how
missing items
were handled

Not clear how
missing items
were handled

F3. Was the sample size included in the analysis adequate?

Adequate sample
size (>= 100)

Good sample
size (50-99)

Moderate
sample size (3049)

Small sample
size (<30)

F4. Were hypotheses regarding correlations or mean differences formulated a
priori (i.e. before data collection)?

Multiple
hypotheses
formulated a priori

Minimal number
of hypotheses
formulate a priori

Hypotheses vague
or not formulated
but possible to
deduce what was
expected

Unclear what
was expected

F5. Was the expected direction of correlation or mean difference included in the
hypotheses?

Expected direction
of the correlations
or differences
stated

Expected direction
of the correlations
or differences
NOT stated

F6. Was the expected absolute or relative magnitude of correlation or mean
difference included in the hypotheses?

Expected
magnitude of the
correlations or
differences stated

Expected
magnitude of the
correlations or
differences NOT
stated

Design requirements

F7. for convergent validity: Was an adequate description provided of the
comparator instrument(s)

Adequate
description of the
constructs
measured by the
comparator
instrument(s)

Adequate
description of
most of the
constructs
measured by the
comparator
instrument(s)

Poor description
of the constructs
measured by the
comparator
instrument(s)

NO description
of the constructs
measured by the
comparator
instrument(s)

F8. for convergent validity: Were the measurement properties of the comparator
instrument(s) adequately described?

Adequate
measurement
properties of the
comparator
instrument(s) in a
population similar
to the study
population

Adequate
measurement
properties of the
comparator
instrument(s) but
not sure if these
apply to the study
population

Some information
on measurement
properties (or a
reference to a study
on measurement
properties) of the
comparator
instrument(s) in any
study population

No information
on the
measurement
properties of the
comparator
instrument(s)

Other minor
methodological
flaws in the
design or
execution of the
study (e.g. only
data presented on
a comparison
with an
instrument that
measures another
construct)

Other important
methodological
flaws in the
design or
execution of the
study

Statistical
methods applied
NOT optimal

Statistical
methods
applied NOT
appropriate

F9. Were there any important flaws in the design or methods of the study?

No other important
methodological
flaws in the design
or execution of the
study

Statistical methods

F10. Were design and statistical methods adequate for the hypotheses to be
tested?

Statistical
methods applied
appropriate

Assumable that
statistical methods
were appropriate,
e.g. Pearson
correlations
applied but
distribution of
scores or mean
(SD) not presented

“COSMIN checklist with 4-point scale” (COSMIN, 2011)

Box I: Responsiveness

Excellent

Good

Fair

I1. Was the percentage of missing items given?

Percentage of
missing items
described

Percentage of
missing items
NOT described

I2. Was there a description of how missing items were handled?

Described how
missing items
were handled

Not described
but it can be
deduced how
missing items
were handled

Not clear how
missing items
were handled

Adequate sample
size (>= 100)

Good sample
size (50-99)

Moderate
sample size (3049)

Poor

Design requirements

I3. Was the sample size included in the analysis adequate?

Small sample
size (<30)

I4: Was a longitudinal design with at least two measurements used?

Longitudinal
design used

No
longitudinal
design used

I5: Was the time interval stated?

Time interval
adequately
described

Time interval
NOT described

I6: If anything occurred in the interim period (e.g. intervention, other relevant
events), was it adequately described?

I7: Was a proportion of the patients changed (i.e. improvement or deterioration)?

Anything that
occurred during
the interim
period (e.g.
treatment
adequately
described)

Assumable what
occurred during
the interim
period

Unclear or NOT
described what
occurred during
the interim
period

Part of the
patients were
changed
(evidence
provided)

No evidence
provided, but
assumable that
part of the
patients were
changed

Unclear if part
of the patients
were changed

Patients were
NOT changed

Design requirements for hypotheses testing (for constructs for which a gold standard was not available
Hypotheses vague
or not formulated
but possible to
deduce what was
expected

Unclear what
was expected

I8: Were hypotheses about changes in scores formulated a priori (i.e. before data
collection)?

Hypotheses
formulated a
priori

I9: Was the expected direction of correlations or mean differences of the change
scores of HR-PRO instruments included in these hypotheses?

Expected
direction of the
correlations or
differences
stated

Expected
direction of the
correlations or
differences NOT
stated

I10: Were the expected absolute or relative magnitude of correlations or mean
differences of the change scores of HR-PRO instruments included in these
hypotheses?

Expected
magnitude of the
correlations or
differences
stated

Expected
magnitude of the
correlations or
differences NOT
stated

I11: Was an adequate description provided of the comparator instrument(s)?

Adequate
description of the
constructs
measured by the
comparator
instrument(s)

Poor description
of the constructs
measured by the
comparator
instrument(s)

NO description
of the constructs
measured by the
comparator
instrument(s)

Adequate
measurement
properties of the
comparator
instrument(s) in a
population similar
to the study
population

Some information
on measurement
properties (or a
reference to a
study on
measurement
properties) of the
comparator
instrument(s) in
any study
population

NO information
on the
measurement
properties of the
comparator
instrument(s)

I12: Were the measurement properties of the comparator instrument(s)
adequately described?

Adequate
measurement
properties of the
comparator
instrument(s) but
not sure if these
apply to the study
population

I13: Were there any important flaws in the design or methods of the study?

No other
important
methodological
flaws in the
design or
execution of the
study

Other minor
methodological
flaws in the
design or
execution of the
study (e.g. only
data presented
on a comparison
with an
instrument that
measure another
construct)

Other
important
methodological
flaws in the
design or
execution of
the study

Statistical
methods applied
appropriate

Statistical
methods applied
NOT optimal

Statistical
methods
applied NOT
appropriate

Unclear
whether the
criterion used
can be
considered an
adequate "gold
standard"

Criterion used
can NOT be
considered an
adequate "gold
standard"

Other minor
methodological
flaws in the
design or
execution of the
study

Other
important
methodological
flaws in the
design or
execution of
the study

Statistical methods

I14. Were design and statistical methods adequate for the hypotheses to be
tested?

Design requirements for hypotheses testing (for constructs for which a gold standard was available)

I15: Can the criterion for change be considered as a reasonable gold standard?

Criterion used
can be
considered an
adequate "gold
standard"
(evidence
provided)

I16: Were there any important flaws in the design or methods of the study?

No other
important
methodological
flaws in the
design or
execution of the
study

No evidence
provided, but
assumable that
the criterion
used can be
considered an
adequate "gold
standard"

Statistical methods
I17: for continuous scores: Were correlations between change scores, or the area
under the Receiver Operator Curve (ROC) curve calculated?

I18: for dichotomous scales: Were sensitivity and specificity (changed versus not
changed) determined?

Correlations or
Area under the
ROC Curve
(AUC)
calculated
Correlations or
Area under the
ROC Curve
(AUC)
calculated

Correlations or
AUC NOT
calculated
Correlations or
AUC NOT
calculated

Appendix IV

Measurement properties criteria scale
Criteria used to evaluate the measurement properties:
Quality criteria is based on those presented by Schellingerhout, et al. (2012) and Terwee, et al. (2007).
Internal consistency:

+
?
-

(Sub)scale unidimensional AND Cronbach's alpha(s) >= 0.70
Dimensionality not known OR Cronbach's alpha not determined
(Sub)scale not unidimensional OR Cronbach's alpha(s) < 0.70

Reliability:
(test-retest, inter-rater, intra-rater)

+
?
-

ICC / weighted Kappa >= 0,70 OR Pearson's r >= 0.80
Neither ICC / weighted Kappa, nor Pearson's r determined
ICC / weighted Kappa < 0.70 OR Pearson's r < 0.80

Measurement error:
(absolute measures)

+
?
-

MIC > SDC OR MIC outside the LOA
MIC not defined
MIC <= SDC OR MIC equals or inside LOA

Content validity:

+

?

A clear description is provided of the measurement aim, AND
A clear description of the target population, AND
A clear description of the concepts that are being measured, AND
A clear description of the item selection, AND
Target population were involved in item selection, AND
Investigators OR experts were involved in item selection
A clear description of above mentioned aspects is lacking

Structural validity:

+
?
-

Factors should explain at least 50% of the variance
Explained variances not mentioned
Factors explain < 50% of the variance

Convergent validity

+
-

Correlation with an instrument measuring the same construct >= 0.50
Correlation with an instrument measuring the same construct < 0.50

Criteria used to evaluate the measurement properties: (continued)
Known groups validity

+
?
-

75% of the results are in accordance with the hypotheses
Hypotheses not clearly stated, unable to compare results to hypotheses
< 75% of the results are in accordance with the hypotheses

(ICC = intraclass correlation coefficient; LOA = limits of agreement; MIC = minimal change; SD = standard deviation; SDC = smallest
detectable change)
(+ = positive rating / ? = indeterminate rating; - = negative rating)
References
Schellingerhout, J. M., Verhagen, A. P., Heymans, M. W., Koes, B. W, de Vet, H. C., & Terwee, C. B. (2012). Measurement properties of
disease-specific questionnaires in patients with neck pain: a systematic review. Quality of Life Research, 21(4), 659-670.
doi: 10.1007/s11135-011-9965-9
Terwee, C. B., Bot, S. D. M., de Boer, M. R., van der Windt, D. A. W. M., Knol, D. L., Dekker, J., . . . de Vet, H. C. W. (2007). Quality criteria
were proposed for measurement properties of health status questionnaires. Journal of Clinical Epidemiology, 60(1), 34-42.
doi: 10.1016/j.jclinepi.2006.03.012

Appendix V

Administration Guidelines Evaluation Form
1 to indicate level of agreement per question
Leave remaining columns blank (only one 1 per row)
Name of Assessment:
Very clear
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

Recommended age range of test:
Test suitable for which genders:
Specific minimum level of knowledge/skill requirements:
Any specific language considerations:
Any specific cultural considerations:
Any specific medical condition/diagnosis exclusions:
Who can administer the test:
Test specific training requirements:
Method of testing (individual vs. group):
Time of day to administer the test:
Circumstance in which to not start testing:
Circumstance in which to prematurely end testing:
Suitable test environment / location (settings):
Suitable positioning/seating of client during testing:
Other persons that can/should be present during testing:
Materials / Equipment required during testing:
Materials / Equipment required during scoring:
Chronological age calculation and rounding:
Estimated time to complete test:
Estimated time to complete scoring:
Suitable time interval between testing:
Recommended number of testing sessions:
Specific pre-testing instructions
Suitable testing age range for each subtest
Time limits per subtest:
Standardised testing instructions for each subtest

Mostly clear

Unclear

Not stated

27
28
29
30
31
32
33
34
35

Very clear

Mostly clear

Unclear

Not stated

3

2

1

0

Level of verbal adjustment of testing instructions allowed
Level of non-verbal testing instructions allowed (gestures/demonstrations)
Scoring instructions for each subtest
Number of item response corrections allowed during testing (changing of
answers allowed?)
Scoring instructions for items responses that were changed (score initial
answer, score final answer, etc)
Scoring instructions for missing items
Typical reasons for missing items explained
Scoring/answer key/guide included in the manual
Level of measurement of scores provided (nominal, ordinal, interval)
Number of agreements per column
Value for each level of agreement
Subtotal per column
Questionnaire total (max 105)
Total in %
Unclear guidelines 0% to 50%
Mostly clear guidelines 51% to 83%
Very clear guidelines 84% to 100%

Appendix VI

Types of reversals: summary of reversals mentioned by assessment manuals
Reviewer observation
Single letter reversals
1.

Mirror image / Letter reversals

(3D 180° X/Vertical axis)

(Gardner, n.d., p. 1; Gardner, 1999, p. 10; Jordan, 2011, p. 8)
2.

Inversions

(3D 180° Y/Horisontal axis)

(Gardner, n.d., p. 1; Gardner, 1999, p. 10; Jordan, 2011, p. 8)
3.

Inverted reversals

(2D 180° rotation)

(Gardner, n.d., p. 1)
4.

Rotations
(Gardner, n.d., p. 1)

Sequence reversals
5.
Sequence of letters / transpositions
(Gardner, n.d., p. 1; Gardner, 1999, p. 10; Jordan, 2011, p. 8)
6.

Whole word reversals
(Gardner, n.d., p. 1; Gardner, 1999, p. 10; Jordan, 2011, p. 8)

(2D 90° rotation)
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Summary of search results (for Systematic Review Flow Diagram)
Letter and number reversal assessments - systematic review of measurement properties and administration guidelines
Search
1

Search
2

Search
3

Search
4

Search
5

Search
6

Search
7

Search
8

Search
9

Other
Sources

Manuals
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4

4
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1080
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0
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5

0

0

6

0

0

0

0

0

0

0

0
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3
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4

4
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0
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5

3

3
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0

0

0
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0

0

0

0

0

0

Duplicates: by database
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(16)

0
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0
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0
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0

0

Duplicates: by reviewer
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0
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0

0
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Duplicates: previous searches
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0
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0

0

0

Records: duplicates removed
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0

1

1115
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0
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5

3

3

(1305)

(11)

(102)

0

(1)
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(11)

(55)

0

(13)

0

0

0

Full articles assessed

40

6

20

0

0

3

0

0

0

0

5

3

3

Full articles excluded

(34)

(4)

(19)

0

0

(3)

0

0

0

0

(5)

(3)

0

6

2

1

0

0

0

0

0

0

0

0

0

3

Total
Total results from the search
Additional: other sources
Total search results

Books excluded

Records excluded

Studies included in review

Search
10

Example of database - Search 1: CINAHL (reversals frequency test)
Search
publication
number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Description of each search result
Evaluating psychoacoustic measures for establishing
presence of tinnitus
Comparative study of the Jordan left-right reversal test, the
reversals frequency test, and teachers' observations
Automatic screening and detection of threshold fine
structure.
Remembering ‘zeal’ but not ‘thing’: Reverse frequency
effects as a consequence of deregulated semantic processing
The incidence and nature of letter orientation errors in
reading disability
Visual profile of children with handwriting difficulties in
Hong Kong Chinese
The frequency and causes of reversal from negative to
positive bacteriological tests in root canal therapy
Ipsilateral printing in children's mirror-writing: A cause of
specific learning disabilities
Mirror effect in frequency discrimination
Letter reversal frequency in normal and learning- disabled
children
Decreased Perceptual Skills in a Child with Head Trauma
Clinical characteristics of audio-vestibular impairment in
Ménière's disease: does vestibular function deteriorate in
accordance with cochlear function?
Conduct and oppositional defiant disorders
Obsessive-compulsive disorder
Pervasive developmental disorders.
Intellectual and developmental disabilities and other lowincidence disorders
Attention-deficit/hyperactivity disorder predominantly
inattentive type
Neurodevelopmental disorders and associated
emotional/behavioral sequelae
Tourette's disorder and other tic disorders
Understanding neuropsychopathology in the 21st century:
Current status, clinical application, and future directions
Chronic pediatric medical conditions and comorbid
psychopathology
Attention-deficit/hyperactivity disorder
Bipolar disorder
Depressive disorders
Anxiety disorders

1

Duplicate
identified
by
database
0

1

0

0

0

0

1

0

0

0

1

0

0

1

0

1

0

Duplicate
identified
by
reviewer 1
0

Duplicate
with
previous
searches
0

Excluded
via
abstract
review
(1)

0

Excluded:
relate to
previous
Ax version
0

0

1

0

(1)

0

0

0

0

0

0

1

0

1

Search
Total

Books

Full Text
Review

Excluded:
not
relevant

Included
in the
review

0

0

0

0

1

0

0

0

0

(1)

0

0

0

0

0

(1)

0

0

0

0

0

0

0

1

0

(1)

0

0

0

0

(1)

0

0

0

0

0

0

0

0

(1)

0

0

0

0

1
1

0
0

0
0

0
0

0
0

(1)
0

0
1

0
0

0
0

0
1

1
1

0
0

0
0

0
0

0
0

0
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1
0

0
0
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0

0
0

1
1
1
1

0
0
0
0

(1)
(1)
(1)
(1)

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

1

0

(1)

0

0

0

0

0

0

0

1

0

(1)

0

0

0

0

0

0

0

1
1

0
0

(1)
(1)

0
0

0
0

0
0

0
0

0
0

0
0

0
0

1

0

(1)

0

0

0

0

0

0

0

1
1
1
1

0
0
0
0

(1)
(1)
(1)
(1)

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
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0
0
0
0

Search
publication
number
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

Description of each search result

Neuropsychological assessment and intervention for
emotion- and behavior-disordered youth: Opportunities for
practice
Neuropsychological assessment and intervention for youth:
An evidence-based approach to emotional and behavioral
disorders
Neuropsychological assessment and intervention for youth:
An evidence-based approach to emotional and behavioral
disorders
How do the spellings of children with dyslexia compare
with those of nondyslexic children?
Oral health of Adelaide nursing home residents:
longitudinal study
The relation of clinical saccadic eye movement testing to
reading in kindergartners and first graders
Visual perceptual skills in low income and rural children
Access to knowledge of spatial structure at novel points of
observation
Exact duplicates removed from the results.
Exact duplicates removed from the results.
Exact duplicates removed from the results.
Exact duplicates removed from the results.
Exact duplicates removed from the results.
Exact duplicates removed from the results.
Exact duplicates removed from the results.
Exact duplicates removed from the results.
Exact duplicates removed from the results.
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Exact duplicates removed from the results.
Exact duplicates removed from the results.
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Appendix VIII

Assessment Details
Assessment Name:
Author:
Date of Publication:
Previous versions:
Publisher:
Publisher address:
Purpose of assessment per
manual:
References in the manual:
Cost / Price:

Reversals Frequency Test
Richard A. Gardner
Manual does not state a publication date. Other sources state 1978 (Gresham & Mealor, 1992).
Not applicable
Optometric Extension Program Foundation, Inc.
1477 Rollins Road, Burlingame, California, 94010
"provides the examiner with an objective method of assessing a child's reversals frequency in three areas
where reversals errors may manifest themselves." (Gardner, n.d., p. 25)
1 Reference only (The author refers to another book written by himself)
$59.95 (US) excluding shipping/handling costs from Optometric Extension Program Foundation, Inc
(http://www.oepf.org)

Summary of population used to standardised the assessment items and scoring
Size:
500 children
Gender:
249 girls; 251 boys
Age range:
5:0 - 15:11
Geographic area:
"Bergen Country, New Jersey (a suburb of New York City)" (Gardner, n.d., p. 1)
Ethnicity:
Not stated in the manual.
Educational level:
Attend regular public schools
Intellectual level:
"Average range of intelligence (90 - 110 IQ) or those who scores on national tests of academic achievement
were in the normal range (20th to 18th percentile) were included" (Gardner, n.d., p. 1)
Exclusions:
"Children with a history of grade repeat, in need of special tutoring, or previous placement in a class for the
learning disabled were excluded" (Gardner, n.d., p. 1)
References
Gardner, R. A. (n.d.). Reversals Frequency Test. Santa Ana, CA: Optometrist Extension Program Foundation, Inc.
Gresham, F. M., & Mealor, D. J. (1992). Review of the Reversals Frequency Test. In J. J. Kramer & J. C. Impara (Eds.), The eleventh mental
measurement yearbook. Lincoln, NE: Buros Institute of Mental Measurements. Retrieved from Mental Measurements Yearbook with Test
in Print database.

Assessment Details
Assessment Name:
Author:
Date of Publication:
Previous versions:
Publisher:
Publisher address:
Purpose of assessment per
manual:
References in the manual:
Cost / Price:

Test of Pictures / Forms / Letters / Numbers / Spatial Orientation & Sequencing Skills
Morrison F. Gardner
1991
Not applicable
Psychological and Educational Publications, Inc.
1477 Rollins Road, Burlingame, California, 94010
"to determine a child's ability to visually perceive pictures, forms, letters, and numbers in the correct
direction and to visually perceive words with the letters in the correct sequence” (Gardner, 1991, p.13).
30 References in the manual, only 1 reference relates to previous work by the author.
$55.00 (US) excluding shipping/handling costs from Psychological and Educational Publications, Inc
(http://www.psych-edpublications.com)

Summary of population used to standardised the assessment items and scoring
Size:
484 children
Gender:
245 males, 239 females
Age range:
105 aged 5, 150 aged 6, 105 aged 7, 125 aged 8
Geographic area:
San Francisco Bay Area, United States
Ethnicity:
Not specific - author states ethnicity (and gender) was not a significant factor in test scores
Educational level:
Children attended either a "private, public and parochial schools." (Gardner, 1991, p. 25). "Only children
who were in some type of formal educational program were tested" (Gardner, 1991, p. 26).
Exclusions:
"Children who had limited used of English, or who were known to have learning problems, were excluded
form participating in the testing." (Gardner, 1991, p. 25)
Other:
"During the standardization process, it is desirable that the norming sample be as representative as possible
of the population of interest. A statistical weighting procedure is often used to ensure that the norming
sample is as representative as possible." (page 27. Weighted results from 2 different intelligent tests. "A
two-factor analysis of variance (ANOVA) showed no significant effect of either sex or ethnicity on test
scores, no statistical weights were assigned on the bases of either of these factors" (Gardner, 1991, p. 27)
Reference
Gardner, M. F. (1991). Test of Pictures / Forms / Letters / Numbers / Spatial Orientation & Sequencing Skills: Manual. Burlingame, CA:
Psychological and Educational Publications, Inc.

Assessment Details
Assessment Name:
Author:
Date of Publication:
Previous versions:
Publisher:
Publisher address:
Purpose of assessment per
manual:
References in the manual:
Cost / Price:

Jordan Left-Right Reversal Test, 3rd Edition
Brian T. Jordan
2011
Jordan Left-Right Reversal Test (released in 1974); Jordan Left-Right Reversal Test, Revised Edition
(released in 1980); and Jordan Left-Right Reversal Test (1990 Edition) (released in 1990).
Academic Therapy Publications, Inc.
20 Commercial Boulevard, Novato, CA, 94949-6191
"an assessment of how well students (ages 5 through 18 years) can identify reversed images, letters, and
numbers (in isolation and within text); and sequences of letters" (Jordan, 2011, p. 5)
54 references, only 4 related to other publications by the author
$110.00 (US) excluding shipping/handling costs from Therapro, Inc (http://www.therapro.com)

Summary of population used to standardised the assessment items and scoring
Size:
1334 children
Gender:
707 female; 627 males
Age range:
5:0 to 18:11
Geographic area:
United States, from 22 states (41 cities)
Ethnicity:
Asian-American (7.4%), African-American (11.3%), Hispanic (19.5%), Caucasia (60%), Native American
(0.7%) and Other (1.1%)
Educational level:
"from regular-education classrooms in public and private schools in the United States.." (Jordan & Martin,
2012, p. 756)
Intellectual level:
No specifically stated
Other:
"Norms,…, are nationally stratified to match the latest available U.S. Census demographic with regard to
gender, ethnicity, residence, geographic location, and parent education level" (Jordan, 2011, p. 5)
References
Jordan, B. T. (2011). Jordan Left-Right Reversal Test, 3rd Edition: Manual. Novato, CA: Academic Therapy Publications.
Jordan, B. T., & Martin, N. (2012). Jordan-3: Measuring visual reversals in children as symptoms of learning disability and attentiondeficit/hyperactivity disorder. Perceptual & Motor Skills, 115(3), 755-763.
doi: 10.2466/27.10.15.24.OMS.115.6.755-763
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Richmond Reversal Rating: Construct validity in relation to visual-spatial abilities

By Lucinda Venter
Supervisor: Dr Janet Richmond
(September 2014)

Abstract
Background: The study aimed to demonstrate the construct validity of the new visual
perceptual Richmond Reversal Rating (RRR) assessment, in relation to visual-spatial abilities
of young school-aged children, using known groups validity and convergent validity
hypotheses testing.
Method: Seventy-two primary school children (year 1 to 3) were assessed using the RRR
assessment and the Spatial Awareness Skills Program Test (SASP). The results were
compared using non-parametric Krustal-Wallis test, to determine the significance of
differences between the RRR scores and the SASP grouped scores, and using non-parametric
Spearman’s correlation coefficient, to determine the magnitude, direction and significance of
the relationship between the RRR and SASP results.
Results: Results from the Krustal-Wallis test demonstrate a significant difference between the
RRR overall scores and the SAPS grouped scores, H(2) = 6.155, p = .046. Spearman’s
correlation coefficient revealed a low positive yet significant correlation (rs = .292, p = .013)
between the RRR overall scores and the SASP grouped scores, and a significant moderate
positive correlation between the RRR overall scores and the SASP scores (rs = .672,
p = .000).
Conclusion: The results demonstrated evidence for the construct validity of the RRR
assessment in relation to visual-spatial abilities as measured by the SASP.
Keywords: letter reversal, number reversal, visual-spatial abilities

Lucinda Venter
Supervisor: Dr Janet Richmond
(September 2014)

Richmond Reversal Rating: Construct validity in relation to visual-spatial abilities
Since the start of the twentieth century, letter reversals made by children when reading
and writing have been a phenomenon of interest for many researchers (Brooks, Berninger &
Abbott, 2011; Heydorn, 1984; Liberman, Shankweiler, Orlando, Harris & Berti, 1971; Moyer
& Newcomer, 1977; Terepocki, Kruk & Willows, 2002; Treiman, Gordon, Boada, Peterson &
Pennington, 2014). Children who have greater difficulty identifying the accurate orientation
of numbers and letters often perform at a lower academic level than their peers (Boone,
1986), have lower reading abilities (Badian, 2005; Terepocki, Kruk & Willows, 2002) and
have less legible handwriting (Lee, 2006).
Identifying children at risk of experiencing increased levels of academic difficulties is
important for their academic achievements as well as general functioning. Studies have found
older children and adults with academic and learning difficulties are more prone to
behavioural difficulties (Morgan, Farkas, Tufis & Sperling, 2008), increased school dropout
and suicide rates (Daniel, Walsh, Goldston, Arnold, Reboussin & Wood, 2006) and increased
levels of anxiety (Klassen, Tze & Hannok, 2011; Nelson & Harwood, 2011).
Teachers have identified legibility as an essential criterion when evaluating children’s
handwriting (Hammerschmidt & Sudsawad, 2004). Visual perceptual skills such as visual
discrimination and visual-spatial skills have been identified as important cognitive skills
needed to enable children to write letters with the correct form and with consistent sizing,
positing and orientation (Lee, 2006). Teachers consider correct and consistent letter
formation, spacing, directionality, positioning, and sizing as essential qualities for legible
handwriting (Hammerschmidt & Sudsawad, 2004).
In order to perform visual perceptual skills such as visual discrimination and visualspatial skills, a person needs to have an understanding of the concepts such as colours, shapes,
directionality (up, down, left, right, etc.), distances and sizes, and be able to identify the finer

distinguishing features of different objects (Schneck, 2010). Researchers have found that
children find it harder to identify letters that have less distinguishing features and that were
visually similar to other letters (Bowles, Pentimonti, Gerde & Montroy, 2014). In an effort to
design and develop a linear standardised visual perceptual assessment that can be used to
measure Australian childrens’ visual cognitive ability to correctly identify and interpret the
form and spatial elements of written letters and numbers, a large scale study of 324 young
school aged children was performed (Richmond, 2010). A new visual perceptual assessment
that measures children’s ability to recognise the accurate orientation of numbers and letters,
the Richmond Reversal Rating (RRR) assessment, was designed and developed based on the
Rasch measurement analysis and results from that study (Richmond, 2010). The RRR
assessment was designed based on the principles of visual perception (Richmond, 2010),
constructed on the occupational therapy visual perceptual frame of reference (Schneck, 2010),
with the different subscales of the assessment measuring visual perceptual skills including:
visual discrimination, form constancy, figure-ground and visual-spatial skills (Richmond,
2010).
The RRR subscale items have been refined and rearranged in hierarchical order to
create a linear standardised assessment (Richmond, 2010; Richmond & Waugh, 2010a;
Richmond & Waugh, 2010b). The frame of reference of written letter reversals outlined two
types of reversal errors (Lee, 2006). The first is “reversal error in individual letters or
numbers” (Lee, 2006, p. 3) and the second is “reversal error in order of words or numbers”
(Lee, 2006, p. 3). Seven of the RRR subscales assess individual reversal errors and the eighth
assesses order reversal errors. Both types of errors are assessed within the RRR, but the RRR
specifically only focuses on measuring the child’s visual cognitive abilities, not visual-motor
abilities (Richmond, 2010). The visual cognitive component (Figure 1) is the second step
within the visual perceptual process based on the visual processing model (Schneck, 2010).

According to the visual processing model, the visual cognitive component is considered
to be the processing (throughput by the brain) of the sensory information received from the
eyes (input) after which the processed information is sent to other parts of the brain and body
for action and response (output) (Schneck, 2010). The visual cognitive processes are used to
identify the unique features of the visual information, which in turn is then analysed and
meaning is assigned to those unique features in order to identify the object recorded by the
eyes (Schneck, 2010). Difficulties with the visual cognitive processes, such as visual
discrimination and visual-spatial skills, negatively impact on a child’s ability to identify the
correct orientation of numbers and letters which contributes to reversals when reading and
writing (Schneck, 2010).
There are recommended standards which assessment developers are encouraged to
meet (American Educational Research Association, American Psychological Association, &
National Council on Measurement in Education [AERA/APA/NCME], 1999). Based on these
standards, additional studies to explore and demonstrate the validity and reliability of the new
RRR assessment are necessary (AERA/APA/NCME, 1999). This research study was the first
study subsequent to the refinement of the RRR assessment. The study focused on
demonstrating additional evidence for the construct validity of the RRR assessment,
specifically the known groups validity and convergent validity in relation to spatial abilities,
by means of hypotheses testing (Mokkink et al., 2010; Portney & Watkins, 2009).
Convergent validity testing, as defined by Portney & Watkins (2009), requires the
comparison of the RRR to an assessment that measures a similar construct. This research
project focussed on investigating the visual-spatial construct aspect of the RRR assessment.
The Spatial Awareness Skills Program Test (SASP) by Rosner (1999) was selected as the
comparison assessment used to measure children’s visual-spatial awareness. The SASP
assessment is based on the theory that children’s spatial awareness and spatial skills increase

with age and that inadequate spatial awareness levels negatively impact on their ability to
perform academic activities (Rosner, 1999). The SASP assessment measures children’s
ability to identify, organise and reproduce detailed spatial geometric forms in order to
determine whether their spatial awareness level is at an adequate level (Rosner, 1999)
The aim of the research study was twofold. Firstly, to explore the known groups validity
of the assessment by demonstrating the RRR assessment’s ability to differentiate between
young school-aged children with below age level, age appropriate and above age level visualspatial abilities. Secondly, to explore the convergent validity by comparing the results from
the RRR assessment to participants’ visual-spatial abilities as measured by construct
comparative assessment, the SASP. Thus, the following null hypotheses were proposed:
1.

The results will not demonstrate a statistically significant difference (p .05)
between the RRR overall scores and the participants’ visual-spatial abilities based
on a below age level, age appropriate and above age level grouping of their SASP
scores.

2.

The results will not demonstrate a moderate (.5 to .75) positive correlation between
the RRR overall scores and the participants’ visual-spatial abilities based on a
below age level, age appropriate and above age level grouping of their SASP
scores.

3.

The results will not demonstrate a moderate (.5 to .75) positive correlation between
the raw scores of the RRR assessment and the participants’ SASP spatial
awareness.

Visual processing model

Skill deficits

Unable to identify,
analyse & interpret form
and spatial features of
geometric shapes

Unable to identify,
analyse & interpret form
and spatial features of
letters and numbers

Figure 1: Conceptual framework of research project
Methods
Participants
A total of seventy-two school children in year 1 to year 3, ranging in chronological ages
from 6:02 to 9:01 years, participated in the study. All participants attended the same private
school located in the north-metropolitan area of Perth and spoke English as a first language.
The children were taught to write using Queensland Beginners font. Participation in the
research project was completely voluntary and no form of remuneration for participating in
the study was given to the school, parents or participants. There were no withdrawals from the
research project. Table 1 outlines the demographical information of the participants.

Table 1: Demographical information of study participants (N = 72)
Year 1
(n1 = 30)

Year 2
(n2 = 20)

Year 3
(n3 = 22)

Total
(N = 72)

Male participants

16

7

13

36

Female participants

14

13

9

36

Totals

30

20

22

72

Left-handed preference

1

3

0

4

Diagnosed with learning difficulty
(dyslexia, dysgraphia or dyscalculia)

0

1

3

4

Diagnosed with Attention-Deficit
(Hyperactivity) Disorder (ADD/ADHD)

0

2

1

3

The parents indicated that none of the participants had been diagnosed with a hearing
impairment requiring alternative communication techniques, a significant corrected or
uncorrected vision impairment, intellectual impairment or development disorder, neurological
or sensory conditions/injuries (traumatic brain injury, cerebral palsy, autism), or psychotic
mental disorders. Children diagnosed with any of these conditions were excluded from the
research project due to the confounding effect their cognitive difficulties could have on the
interpretation of the results; the exclusion criteria were guided by the diagnostic criteria for
specific learning difficulties (American Psychiatric Association, 2013).
Procedures
The study used a non-experimental, cross sectional research design (DeForge, 2010),
with all data collected from each participant at one time. The research purpose was to explore
(DeForge, 2010) the relationship between participants’ ability to recognise letters and
numbers written in reverse, as measured by the different subscales of the RRR, and their
levels of visual-spatial abilities and awareness.

Ethics approval for the research project was obtained from the Edith Cowan University
Human Ethics Subcommittee in July 2014 after which, using purposeful sampling, the
assistance and approval to recruit and assess pupils from a private school was sought and
obtained in August 2014. A letter detailing the research project, a consent form and an
academic-medical questionnaire form were sent to the parents of all year 1 to year 3 pupils
using the school’s normal letter mail-out procedures and the teachers subsequently collected
the responses. Only pupils who returned a signed consent form and met the project inclusion
criteria based on the answers on the academic-medical questionnaire and consent forms were
assessed.
One researcher assessed all the participants during school hours, either individually or
in groups of up to three pupils at a time, at times suitable according to the class teaching
schedules, over a three-week period (end of August 2014 to middle September 2014). Most
(70) participants were assessed in a single session lasting approximately 40 minutes in a
shared teaching room on the school grounds. Assessment times varied slightly according the
participants’ abilities and level of difficulties. Only two participants were assessed over two
sessions (second session was within a one week period of the first assessment); they required
increased time to complete all the subscales of the RRR. Every effort was made to keep
environmental distractions and visual cues for letters and numbers orientation to a minimum
during the assessment process.
Before starting any of the assessments, assent to participate was obtained from each
participant. The participants were allowed rest breaks when requested and all questions asked
by the participants were answered truthfully and age appropriately. The participants’
chronological age was not rounded up to the next month when calculated. All participants
completed a writing sample first, followed by the RRR assessment, then the Spatial
Awareness Skills Program Test (SASP).

Parents who indicated their interest were provided with a confidential summary of their
child’s assessment results within two months of completing the study. A presentation of the
overall research project results and observations were provided to the principal and teachers
of the school by the end of the school year.
Before starting the data collection at the school, three children of suitable age were
recruited using convenience sampling to participate in a small pilot study in order to practice
and refine the data collection process. The data collected from the three pilot participants
were not included in the data analysis because they were taught to write using the font used in
the assessment, unlike the school participants, and this was considered to be a confounding
variable in the interpretation of the study results. The participants’ identities were protected
by assigning arbitrary personal identification numbers which were used in all electronic
records.
Instruments
Writing sample (name, alphabet and numbers)
The participants were asked to write their first names, last names (if they knew how to),
the alphabet (preferably using lower case letters) and the numbers 0 to 9, using a pencil, on
standard white paper with blue lines. Verbal assistance was offered and provided to sequence
the alphabet if necessary. During the writing sample observational notes were taken of the
hand preference and any increased difficulties with pencil grip, reduced hand strength and
alphabet writing.
Richmond Reversal Rating (RRR)
All eight subscales of the Richmond Reversal Rating (RRR) assessment were completed
during which reversal recognition abilities of printed numbers, upper case letters and lower
case letters were assessed (Richmond, 2010). Each subscale was designed to assess a different
visual perception skill using various combinations of letters and/or numbers. The items in the

eight RRR subscales have been refined and arranged in a linear, hierarchical order based on
the Rasch measurement analysis (Richmond, 2010; Richmond & Waugh, 2010a; Richmond &
Waugh, 2010b). Please refer to Table 2 for more information about each subscale.
A RRR subscale accuracy score was calculated for each subscale. The accuracy score is
the sum of all reversed letters/numbers or non-reversed letters/numbers correctly identified as
such. No score is given for any reversed letters/numbers or non-reversed letters/numbers
incorrectly identified. The accuracy scores of the various subscales are added together to
calculate the RRR overall accuracy score. Minimal visual-motor abilities are required to
complete the RRR assessment with examinees asked to draw circles to indicate their answers;
if necessary examinees only have to point to indicate the reversed letters and numbers
(Richmond, 2010). Spontaneous corrections of first responses were allowed, with examinees
erasing the incorrect answer(s).
Table 2: Details for RRR subscales content and scoring (Richmond, 2010)
Subscale Visual perceptual skill

Content

Maximum score

I

Visual discrimination

Upper case letters

30

II

Visual discrimination

Lower case letters

36

III

Visual discrimination

Numbers

20

IV

Spatial orientation

Letters and numbers

37

V

Form constancy

Letters and numbers

18

VI

Sequencing

Letters and numbers

36

VII

Figure ground

Letters in words

34

VIII

Figure ground

Numbers in calculations

15

Overall accuracy score

226

The RRR assessment uses the Victorian Modern Cursive font throughout (Richmond,
2010), with a minor adjustment using Queensland Beginner font for the letters J and c,
instead of J and c.
Spatial Awareness Skills Program Test (SASP)
Participants’ visual spatial ability was assessed using the standardised Spatial
Awareness Skills Program Test (SASP) that is suitable to assess children aged 4 to 10 years
(Rosner, 1999). The assessment measures children’s ability to near-copy up to 15 line shapes,
with increasing level of difficulty (Rosner, 1999). The assessment was administered and
scored in accordance with the manual instructions (Rosner, 1999). Thereafter, the SASP raw
score was converted to a SASP age equivalent spatial awareness level score. The SASP has a
reported average internal consistency of .76 and inter-rater reliability of .96 (Rosner, 1999).
Data analysis
The data collected for each participant was recorded in an Excel spreadsheet and
statistically analysed using IBM SPSS Statistics version 22. All assessments were completed
in full, with no missing assessment information or scores. The following criteria were used to
define the strength of the correlation coefficients: low = .00 to .25, fair = .25 to .50, moderate
= .50 to .75, and good = > .75 (Portney & Watkins, 2009). Throughout the report, a 95%
confidence interval and a significance level of .05 (p .05) was used unless specifically stated
otherwise.
The SASP provides the assessor with age equivalent level scores, in six-month
intervals, for the interpretation of the assessment results (Rosner, 1999). Participant’s spatial
awareness results were grouped in three ordinal groups (Table 3) by comparing the
participants’ actual chronological age range (based on the six-month intervals used by the
assessment) to their SASP age equivalent level score. The three ordinal SASP groups were

used to compare and analyse the significance of mean differences and correlation coefficients
with the RRR scores.
Table 3: Interpretation of SASP raw results for grouping purposes
Below age level

Chronological age range 2+ intervals > SASP age equivalent level
(SASP level is a minimum of seven month below chronological age)

Age appropriate Chronological age range = SASP age equivalent level, OR
Chronological age range 1 interval > SASP age equivalent level, OR
Chronological age range 1 interval < SASP age equivalent level.
(SASP level is a maximum of six months below/above chronological age)
Above age level

Chronological age range 2+ intervals < SASP age equivalent level
(SASP level is a minimum of seven month above chronological age)

Results
A total of seventy-two children (N = 72) participated in the study, thirty-six male and
thirty-six females participants of which thirty were in year 1 (n1 = 30), twenty in year 2 (n2 =
20), and twenty-two in year 3 (n3 = 22), as outlined in Table 1. Descriptive information for
the RRR raw scores (Table 4) and SASP raw scores (Table 5) and descriptive statistical
results of the RRR raw scores (Figure 2) and SASP raw scores (Figure 3) are provided.

Table 4: Descriptive statistics of RRR overall raw scores
Year 1
(n1 = 30)

Year 2
(n2 = 20)

Year 3
(n3 = 22)

Total
(N = 72)

Minimum score (minimum 0)

123

164

137

123

Maximum score (maximum 226)

224

224

225

225

Range

101

60

88

102

Median (Mdn)

186

208.5

215.0

203.5

183.07

205.8

207.64

196.89

25.824

14.831

21.362

24.599

Skewness

-.644

-1.506

-2.277

-1.194

Kurtosis

-.237

2.343

5.488

.787

Means (

)

Standard Deviation (SD)

Figure 2: Histogram showing frequency of RRR overall raw scores (year 1 to year 3)

Table 5: Descriptive statistics of SASP raw scores
Year 1
(n1 = 30)

Year 2
(n2 = 20)

Year 3
(n3 = 22)

Total
(N = 72)

Minimum score (minimum 0)

5

5

5

5

Maximum score (maximum 226)

12

11

13

13

Range

7

6

8

8

Median (Mdn)

7

10

10

9

7.53

9.35

10.18

8.85

Standard Deviation (SD)

1.852

1.725

1.468

2.046

Skewness

.991

-.880

.549

-.021

Kurtosis

.270

.222

.132

-.847

Means (

)

Figure 3: Histogram showing frequency of SASP raw scores (year 1 to year 3)

Hypothesis 1
The SASP results were categorised into three ordinal groups, namely below age level,
age appropriate, and above age level. Table 6 details the frequency of the SASP results per
year for each ordinal group and Figure 4 illustrates the distribution of the RRR overall scores
for each SASP grouping.
Table 6: Frequency of SASP age level scores based on ordinal grouping
Year 1
(n1 = 30)

Year 2
(n2 = 20)

Year 3
(n3 = 22)

Total
(N = 72)

Below age level

2

3

4

9

Age appropriate

20

11

16

47

Above age level

8

6

2

16

Figure 4: Scatterplot of RRR overall raw scores based on SASP grouped scores

Due to the ordinal nature of the SASP grouped results, the RRR overall raw scores were
analysed using non-parametric statistical analysis. The RRR overall raw scores were ranked
and the ranked results were compared using the Krustal-Wallis test to determine the
significance of differences between the three independent ordinal SASP groups. As a result of
the above analysis, the null hypothesis 1 has been rejected; the RRR ranked overall scores
were significantly different between the SAPS grouped results, H(2) = 6.155, p = .046. As
detailed in Table 8, the Jonckheere’s Terpstra Test revealed a significant trend in the ranked
RRR overall mean scores (Table 8) between participants in the below age level and above age
level groups of p = .014.
Table 7: RRR ranked mean for each SASP group

RRR Ranked mean

Below age level

Age appropriate

Above age level

27.11

34.73

46.97

Table 8: Jonckheere’s Test adjusted p-values - RRR ranked scores and SASP groups
Below age level
Below age level
Age appropriate

.585

Above age level

.014

Age appropriate

Above age level

.585

.014
.082

.082

Hypothesis 2
The RRR ranked overall scores were correlated with the SASP grouped results using
the non-parametric two-tailed Spearman’s correlation coefficient. Based on the results from
this analysis, hypothesis 2 was retained as the analysis revealed a significant but low positive
correlation (rs = .292, p = .013) between the RRR ranked overall scores and the SASP
grouped results. Table 9 outlines the Spearman’s correlation coefficient results between the
RRR ranked subscales and the SASP groups.

Hypothesis 3
The RRR ranked overall scores were correlated with the SASP raw scores using the
non-parametric two-tailed Spearman’s correlation coefficient. Based on the results from this
analysis, hypothesis 3 was rejected as the analysis revealed a significant moderate positive
correlation between the RRR ranked overall scores and the SASP raw scores, (rs = .672, p =
.000). The Spearman’s correlation coefficient results between the RRR ranked subscales and
the SASP raw scores demonstrate a significant moderate positive correlations between all the
RRR ranked subscale scores and the SASP ranked raw score except for RRR Form Constancy
subscale V and RRR Sequencing subscale VI, both of which demonstrated a low positive, but
significant, correlation coefficient (Table 9).
Table 9: Spearman’s correlation coefficient between RRR and SASP scores
SASP Grouped Scores
(N = 72)

SASP Ranked Raw Scores
(N = 72)

RRR Ranked Overall

.292*

.672**

RRR Ranked Subscale I

.253*

.516**

RRR Ranked Subscale II

.242*

.599**

RRR Ranked Subscale III

.364**

.582**

RRR Ranked Subscale IV

.305**

.572**

RRR Ranked Subscale V

-.053

.284*

RRR Ranked Subscale VI

.176

.461**

RRR Ranked Subscale VII

.264*

.598**

RRR Ranked Subscale VIII

.274*

.598**

* correlation p < .05, ** correlation p < .01.
Additional data analysis, using the Krustal-Wallis test and the Jonckheere’s Terpstra
test, was performed to determine the significance of the mean results between school years for
both assessments (Table 10 to 13).

Table 10: Krustal-Wallis Test - RRR ranked overall scores by year

RRR Ranked mean

Year 1
(n1 = 30)

Year 2
(n2 = 20)

Year 3
(n3 = 22)

23.73

42.95

48.05

Table 11: Jonckheere’s Test adjusted p-values of RRR ranked overall scores by year
Year 1
(n1 = 30)

Year 2
(n2 = 20)

Year 3
(n3 = 22)

.001

.000

Year 1
Year 2

.001

Year 3

.000

.369
.369

Table 12: Krustal-Wallis Test - SASP ranked raw scores by year

SASP Ranked mean

Year 1
(n1 = 30)

Year 2
(n2 = 20)

Year 3
(n3 = 22)

23.27

42.56

49.02

Table 13: Jonckheere’s Test adjusted p-values of SASP ranked raw scores by year
Year 1
(n1 = 30)

Year 2
(n2 = 20)

Year 3
(n3 = 22)

.002

.000

Year 1
Year 2

.002

Year 3

.000

.455
.455

Discussion
Based on the visual perceptual frame of references used by occupational therapist,
visual perceptual skills, including visual-spatial and visual discrimination skills, develop in
two ways, through natural maturation and learning opportunities (Schneck, 2010). Based on

this theory, on face value, increasing mean scores as the children progress through the school
year are expected for both the RRR and SASP assessments, based on their underlying
constructs. The results from the study (Tables 10 to 12) reflect this development theory with
increasing ranked mean scores from year 1 to year 2, and year 2 to year 3 for both
assessments, with significant differences between year 1 and year 2 (RRR p = .001, SASP p =
.002), and between year 1 and year 3 (RRR p = .000, SASP p = .000) for both assessments.
As outlined in Tables 11 & 13, the results showed no significant difference between the
ranked RRR and SASP mean scores for participants between year 2 and year 3; year 2
participants ranged in age from 7:02 to 8:01 years. These results support previous
observations that visual perceptual skills improve with age but become more stable and
reached developmental peak by approximately age 7 years (Schneck, 2010). After age 7
years, visual perceptual skills will increase minimally through the natural maturation process
(Lee, 2006; Schneck, 2010), letter reversals observed at later ages are considered a reversal
error (Lee, 2006) and targeted interventions will be necessary to address the deficits (Lee,
2006; Schneck, 2010).
A total of four year 3 participants obtained a RRR overall score of < 200 and, as
reported by the parents, three of these four have been diagnosed with a specific learning
difficulty and the fourth is reportedly experiencing increased level of difficulty in reading,
writing, spelling and mathematics. Based on this very small sample, this relationship between
the year 3 results of the RRR and a learning diagnosis appears promising and would be
worthwhile exploring in future studies.
As mentioned, the RRR assesses children’s cognitive abilities to recognise
letters/numbers written in reversed orientation with minimal visual-motor abilities required
during the assessment process. In contrast, the SASP assesses children’s spatial awareness but
required both visual cognitive (throughput processing) and visual-motor integration (output)

skills during the assessment process; the ability to accurately replicate the shape within set
boundaries on paper using a pencil influences the assessment results. The difference between
the assessments in terms of the point at which they measure the visual processing skill may
have impacted on the comparison and interpretation of the results between the RRR and the
SASP, as reflected by the low positive, yet significant, correlation coefficient between the
groups as outlined in Table 9. In light of this, the researcher would recommend future studies
investigating the validity of the RRR using a standardised visual-spatial abilities assessment
that measures only the visual-spatial cognitive component for comparison.
The results (Table 9) demonstrate a lower correlation rate between the SASP raw scores
and the RRR Sequencing subscale VI. In light of this lower correlation, and the fact that order
reversals have been identified as a different type of reversal error (Lee, 2006), interpretation
of the results from this subscale could be considered for separate analysis and interpretation.
It is theoretically plausible that interventions used to address difficulties in order reversal
errors would be different from interventions used to address difficulties with individual
reversal errors, and it would be important for therapist to evaluate and interpret the results for
each type of reversal separately and combined when determining the appropriate intervention
strategies.
In view of the results and observations made during the assessment process, the
researcher would recommend recording the time taken to finish the assessment and exploring
the relationship between RRR scores and time taken to finish the assessment. The two
participants that required a second session to complete all the RRR subscales both obtained a
low RRR overall score of < 160. Effortful, slow and less automated performance of basic
academic activities has been noted as a characteristic of middle school children that have been
diagnosed with a learning difficulty (Graham, Bellert, Thomas & Pegg, 2007). Time taken

and level of accuracy-combined scores could be an additional way to interpret the RRR
results and to identify children at risk of long-term difficulties.
The minimum recommended construct validity sample size, using correlation
coefficient analysis, is 50 participants (de Vet, Terwee, Mokkink & Knol, 2011). The overall
sample size of this study is greater than this minimum, at N = 72, but the sample size per year
group does not meet this minimum sample size criteria, hence no correlation coefficients have
been reported by year group. The optimal recommended sample size is 50 participants per
subgroup (de Vet, Terwee, Mokkink & Knol, 2011), based on this a 150 participants (per year
or level) would have been more optimal. However, due to the limited timeframe available for
this honours research project, this optimal recommended sample size was not achieved.
The limited timeframe available to the researcher to successfully approach and recruit a
private school to participate in the study made it impractical for the researcher to be overly
selective about the participating school based on the writing font taught by the school. There
are a number of differences between the lower case letters used in Victorian Modern Cursive
and Queensland Beginner font, the font taught to the children that participated in this research
project. For example: per Victorian Modern font (b, i, l, o, p, r, t, and z) and per Queensland
beginner font (b, i, l, o, p, r, t, and z). To reduce the impact these differences
in the fonts could have on the RRR results in the study, the participants were offered and
provided with verbal assistance to name the letter or word when requested by the examinee.
Most of the participants noted they were aware of different fonts used to write letters, often
commenting that the Victorian Modern font looked like the writing style used by their parents
or older siblings. Despite this, the font differences may have had a yet unquantified impact on
the results for particular subscales items. Additional analysis to explore the potential impact
on each subscale item has yet to be performed.

All of the above mentioned limitations impact on the results from this study to some
extent and should be carefully considered when interpreting the study results. In addition this
study was non-experimental in nature, which intrinsically limited the amount of interpretation
(relationship between variables only, no cause-and-effect evidence) that can be associated
with the results (DeForge, 2010).
In summary, the results from the study provided additional evidence for the construct
validity of the RRR scores in relation to young school-aged children’s visual-spatial abilities.
For the clinician, the results demonstrated additional evidence for the validity and potential
use of the new assessment to assess children with letter/number reversal difficulties in order
to assist with targeted interventions based on the type of reversal difficulties recorded. For the
children struggling with letter/number reversals when reading or writing, the results provides
additional support for the ability of the new assessment to identify the specific
underdeveloped visual perceptual skill that is contributing to their reversal difficulties. In
addition to the recommendations already discussed, it is recommended that future researchers
focus on using longitudinal, experimental research designs with a sample size that meet the
recommended optimal size (by gender, year and diagnosis) to explore and provide increased
level of evidence for the assessment’s reliability and validity, and to observe and analyse a
participant’s RRR results over time to refine the interpretation of the assessment results.
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